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Purpose of Presentation

1)Introduction and evolution of the biofuels “imperative”

2)Why is “environmental-benchmarking” important?

3) Outline extent of baseline environmental data derived from the 

ecological “footprinting” of 1st generation biofuels
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4)Introduce efforts to acquire “new” environmental science and 

preliminary results from research findings learned 

5) Suggested future research activities to support “sustainable transition 

towards 2nd generation bioenergy and biochemicals development and 

beyond



Regulations

• 5% renewable 
content based on 
the gasoline pool 
by 2010

• 2 % renewable 

Next-Generation 

Biofuels Fund

$500 million for 

investment with the 

private sector (over 8 

years)

Government of Canada Renewable Fuels 
Strategy and Bioenergy Commitment 2006ff

ecoENERGY for 

Biofuels

$1.48 billion towards 
operating incentives 
to producers of 
renewable 
alternatives to 

ecoAgriculture 

Biofuels Capital 

initiative (ecoABC)

$200 million initiative to 
increase renewable fuel 
capacity (over 4 years)

Biofuels Opportunities 

for Producers Initiative 

(BOPI)

$20 million to assist  
farmers and rural 
communities hire experts 
who can:

Increasing the retail 

availability of 

renewable fuels

Supporting the expansion 

of Canadian production of 

renewable fuels

Accelerating the 

commercialization of 

new technologies

Assisting farmers to seize new opportunities in this sector
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• 2 % renewable 
content in diesel 
and heating oil  
by 2012, upon 
successful 
demonstration of 
renewable diesel 
fuel use under 
the range of 
Canadian 
conditions

Lead: Environment 
Canada

• Managed by Sustainable 
Development Technology 
Canada (SDTC)

• Establishing large-
demonstration-scale for the 
production of next-generation 

renewable biofuels

Canada’s leading-edge 
technologies in the 
biofuels area make it 
well positioned to 
become a world leader 
in next-generation 
renewable fuels

• Funding end March 31, 2015

Lead: Natural Resources 
Canada and Environment 
Canada

alternatives to 
gasoline and diesel 
based on production 
levels and other 
factors (over 9 
years).

• Up to 10 cents per litre to 
renewable alternatives to 
gasoline

• Up to 20 cents per litre to 
renewable alternatives to 
diesel

• Incentive rates will be 
based on average industry 
profitability

• Funding is “expected” to 

end March 31, 2017

Lead: Natural Resources 
Canada

• Providing repayable 
contribution towards the capital 
costs for  construction or 
expansion of transportation 
biofuels production facilities 
which have a minimum 5% farmer 
equity investment.

• Up to $25 million per project or 
25% of eligible project costs, 
whichever is less

• Payment upon completion of the 
plant

• 8 to 12 projects expected

• Funding ends March 31, 2011

who can:

• Assist in developing business 

proposals

• Undertake studies necessary to 
create and expand biofuels 
production capacity

• Up to $300,000 per project 
representing no more than 75% of 
project costs

• First $11.6 million funded 84 
projects

• Funding ends March 31, 2008

Lead: Agriculture and Agri-Food Canada



Understand, inform, and help government(s) and Understand, inform, and help government(s) and 
industry minimize environmental effects and maximize industry minimize environmental effects and maximize 
sustainability / utility / benefits of bioenergy and cosustainability / utility / benefits of bioenergy and co--
products throughout their entire lifecycle.products throughout their entire lifecycle.

Carbon sequestered, CAC’s Carbon sequestered, CAC’s Increased land use,Increased land use,

Scientific Approach to Understanding the 
Environmental Impacts of Bioenergy
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Carbon sequestered, CAC’s Carbon sequestered, CAC’s 

and GHG reduced, green and GHG reduced, green 

chemistry, air, water quality chemistry, air, water quality 

improved, reduced waste.improved, reduced waste.

Increased land use,Increased land use,

& water use, increased& water use, increased

pesticide use, monoculturepesticide use, monoculture

habitat, diversity, novel habitat, diversity, novel 

wastes, losses, GMO risks.wastes, losses, GMO risks.



Bioenergy expected to be

environmentally friendly, sustainable...

Bioenergy expected to be

environmentally friendly, sustainable...

Increased agriculturalIncreased agricultural

inputs/ land and water use inputs/ land and water use 

and different emissionand different emission

profilesprofiles

…and should yield net benefits but……and should yield net benefits but…

Bioproducts usually have lessBioproducts usually have less

embedded energy/ GHG embedded energy/ GHG 

emissions,and bioproducts  emissions,and bioproducts  
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profilesprofiles

the size and type of benefits, depend on prior identification and integratingthe size and type of benefits, depend on prior identification and integrating

environmental considerations  / data environmental considerations  / data explicitly and up front directly explicitly and up front directly into the processinto the process

emissions,and bioproducts  emissions,and bioproducts  

can be close tocan be close to

climate neutral...climate neutral...



What Environmental Data is Currently Available to Support 

Informed Decision Making Across Bioenergy Spectrum?

• To make informed 
environmental decisions on all 
aspects of bioenergy requires  a 
range of representative baseline 
environmental data.

• This data should allow us to 
compare between different 
bioenergy processes as well as 
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bioenergy processes as well as 
the “equivalent” energy 
processes they replace.

• Ideally this data should be 
generated “in front” of the 
decision making process and 
under representative Canadian 
conditions – so as to inform the 
policy, regulatory, enforcement 
and scientific process



Importance of Baseline Environmental Data for 
all Bioenergy Constituents

• “That which you 
cannot measure you 
cannot manage*that 
which you cannot 
measure you cannot 
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measure you cannot 
improve*that which 
you cannot measure 
you cannot optimize”.



What Have Life Cycle Analyses of 
Bioenergy Told Us?
• Scientific evidence base to support all environmental claims remains  weak.

• Many important environmental parameters not routinely measured.

• The environmental data is not very robust nor yet representative of 
Canadian conditions at scale yet.

– Studies are relatively narrow engineering analyses that assume one set of activities replaces 
another.

– Most are solely GHG reduction or energy balance studies only often neglecting other 
important areas entirely (e.g., aqueous emissions, clean air contaminants, ecosystem 
quality, sustainability, biodiversity, nutrient cycles, landscape effects, material flows, socio 
economic impacts and human health considerations).
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economic impacts and human health considerations).

– Few were conducted or are representative of Canadian climatic conditions, biodiversity, 
geographic and threshold levels

– Much is funded and/or published by proponents of the products and/or technologies.

– Most data consists of estimates provided  by models or emission factors and may or may not 
accurately reflect actual benefits to be achieved.

– The data (and responsibility) is spread over multiple departments and groups across North 
America, South America, and Europe

– LCA’s coming under criticism for the use of quantitative data only.

• The issue is complex and very technical and lends itself to limited 
understanding of theoretical vs. likely/achievable benefits.

• Benefits of one type may be offset by negative impacts in other areas as 
highlighted in the scan of published Life Cycle studies on bioenergy.



How is Absence of “Rigorous” Environmental Data from 
Biofuels Playing Out Across International Community?
UNEP 2009
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Need for Decoupling of GHG Considerations from 
Biomass to Biofuels Environmental Assessments
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“The Race is On” - EC Efforts at Acquiring Environmental Evidence to 
Support and Inform Biofuels / Bioenergy Decision Making 

• Conduct of selected and “punctuated meta-analysis” of the global 

biofuels scientific literature to determine potential environmental 

“burdens and benefits” specifically related to:

1. Biomass feedstock selection and harvesting.
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2. Biomass conversion to biofuels and other co-products.

3. Blending, transportation, storage, and distribution of 

biofuels.

4. Tail pipe emissions from combustion of blended biofuels.

5. Spills of biofuels and fate in ambient environment.

6. Environmental Health and Safety considerations



1) Biomass Feedstock Selection and Harvesting: : 
This area will likely have the biggest impact on the environmentThis area will likely have the biggest impact on the environment

•• Need to better identify “landscape effects” from accelerated and increased biomass Need to better identify “landscape effects” from accelerated and increased biomass 
production. production. 

•• This aspect is likely to have the largest impact on the environmental and agronomic This aspect is likely to have the largest impact on the environmental and agronomic 
“benefits and burdens”.“benefits and burdens”.

–– Sustainable farming practices will be key.Sustainable farming practices will be key.

–– High intensity monoculture creates challenges.High intensity monoculture creates challenges.

▪▪ Soil quality, nutrient loading, habitat and biodiversity, energy intensity.Soil quality, nutrient loading, habitat and biodiversity, energy intensity.
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▪▪ Soil quality, nutrient loading, habitat and biodiversity, energy intensity.Soil quality, nutrient loading, habitat and biodiversity, energy intensity.

•• Collaboration with Agriculture and AgriFood Canada, NRCan and DFO, landscape Collaboration with Agriculture and AgriFood Canada, NRCan and DFO, landscape 
ecologists, biodiversity specialists and the Canadian Forestry Service is key to ecologists, biodiversity specialists and the Canadian Forestry Service is key to 
leveraging Canada’s strengths.leveraging Canada’s strengths.



2) Biomass Conversion to Biofuels and Other Co-
products:  :  Biofuel facilities are bio chemical refineries with a Biofuel facilities are bio chemical refineries with a 

variety of inputs, covariety of inputs, co--products, and emission streamsproducts, and emission streams

•• EC studies completed on corn/wheat ethanol, and biodiesel production facilities EC studies completed on corn/wheat ethanol, and biodiesel production facilities 
indicate absence of baseline environmental data throughout:indicate absence of baseline environmental data throughout:

–– EthanolEthanol
▪▪ water use concerns (heat, quantity, endocrine disrupting BOD, COD, consumption,).water use concerns (heat, quantity, endocrine disrupting BOD, COD, consumption,).
▪▪ VOC emissions (both controlled and fugitive)VOC emissions (both controlled and fugitive)
▪▪ Need to examine CO2 emissions and coNeed to examine CO2 emissions and co--products.products.

–– BiodieselBiodiesel
▪▪ Hexane and methanol emissions.Hexane and methanol emissions.
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▪▪ Hexane and methanol emissions.Hexane and methanol emissions.
▪▪ water usage/discharges for biodiesel technologies unknownwater usage/discharges for biodiesel technologies unknown

–– Other area’s of concern.Other area’s of concern.
▪▪ Energy intensity (fossil fuel use and GHG emissions), Particulate matter (PM) emissions, Energy intensity (fossil fuel use and GHG emissions), Particulate matter (PM) emissions, 

biosafety (bacteria, enzymes, yeasts, biomass) fate.biosafety (bacteria, enzymes, yeasts, biomass) fate.

–– Ecological footprint will vary considerably depending upon design, size, location, and Ecological footprint will vary considerably depending upon design, size, location, and 
type of production facility and feedstock utilized.type of production facility and feedstock utilized.



3) Blending, Transportation, Storage, and Distribution of 
Biofuels:

•• Limited  attention given  to adequacy of Limited  attention given  to adequacy of 
and attendant environmental impacts / and attendant environmental impacts / 
changes to “infrastructure” necessary changes to “infrastructure” necessary 
to support implementation of biofuels to support implementation of biofuels 
and grid compatibility with bioenergy.  and grid compatibility with bioenergy.  

•• Incomplete information (costs, regional Incomplete information (costs, regional 
inequities, incompatibilities) relating to inequities, incompatibilities) relating to 
biofuels integration into existing petrobiofuels integration into existing petro--
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biofuels integration into existing petrobiofuels integration into existing petro--
chemical infrastructurechemical infrastructure

•• EC / TC studies completed on impacts EC / TC studies completed on impacts 
of biodiesel and ethanol by ECof biodiesel and ethanol by EC

–– EthanolEthanol
▪▪ Greater transportation impacts (GHGs, PM, Greater transportation impacts (GHGs, PM, 

tailpipe emissions, etc) due to truck and rail tailpipe emissions, etc) due to truck and rail 
requirement (vs pipeline for petroleum diesel).requirement (vs pipeline for petroleum diesel).

▪▪ Increased risk of major spill due to truck/rail Increased risk of major spill due to truck/rail 
transportation modes.transportation modes.

▪▪ Economic costs for compliance and “legacy Economic costs for compliance and “legacy 
vehicles” .vehicles” .

–– Biodiesel (similar issues to ethanol). Biodiesel (similar issues to ethanol). 



4) Tail Pipe Emissions from Combustion of 
Blended Biofuels

•• General observations from recent EC Ethanol Blended Gasoline research General observations from recent EC Ethanol Blended Gasoline research 
projects:projects:

–– Some emissions go up some emissions go down.Some emissions go up some emissions go down.
▪▪ For example the NOx went up in low blends and down in high blends.For example the NOx went up in low blends and down in high blends.

•• General observations from recent EC Biodiesel research projects:General observations from recent EC Biodiesel research projects:
–– Most emissions go down on modern engines with emission controls.Most emissions go down on modern engines with emission controls.

▪▪ In general, particulate matter, carbon monoxide, and hydrocarbon emissions are generally In general, particulate matter, carbon monoxide, and hydrocarbon emissions are generally 
lowered with the use of biodiesel.lowered with the use of biodiesel.
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lowered with the use of biodiesel.lowered with the use of biodiesel.
▪▪ NOx emissions do not appear to be affected. NOx emissions do not appear to be affected. 
▪▪ Modern emission controls are “clean” and erode much of the blended biofuel benefitsModern emission controls are “clean” and erode much of the blended biofuel benefits

•• Research is onResearch is on--going to look at impacts in other important vehicle and engine going to look at impacts in other important vehicle and engine 
sectors such as recreational vehicles, construction equipment, and small utility sectors such as recreational vehicles, construction equipment, and small utility 
engines. engines. 



5) Spills of Biofuels / Co-products and “Fate” 
in Ambient Environment::

•• Biofuel blends may make clean up more complex and pressures are on to rapidly Biofuel blends may make clean up more complex and pressures are on to rapidly 
acquire new knowledge in light of Gulf of Mexico spill acquire new knowledge in light of Gulf of Mexico spill 

•• Spills of biofuels and blended fuels are inevitable as more are introduced into Spills of biofuels and blended fuels are inevitable as more are introduced into 
commerce.commerce.

•• Limited EC research to date shows:Limited EC research to date shows:
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•• Limited EC research to date shows:Limited EC research to date shows:
–– High variability in biofuel fuel composition, especially for biodiesels.High variability in biofuel fuel composition, especially for biodiesels.
–– Some biofuels and blends have significant toxicities and water solubility.Some biofuels and blends have significant toxicities and water solubility.

•• Currently significant knowledge gaps exist in behaviour of biofuels and Currently significant knowledge gaps exist in behaviour of biofuels and 
appropriate remediation options:appropriate remediation options:

–– What happens to biofuels after a spill (particularly in aquatic and marine environments?What happens to biofuels after a spill (particularly in aquatic and marine environments?
–– How toxic are biofuel spills?How toxic are biofuel spills?
–– Fate of coFate of co--products (sp. glycerine)products (sp. glycerine)
–– BestBest--practices for cleanpractices for clean--up?up?
–– Interim EC advice to “first line” defendersInterim EC advice to “first line” defenders



6) Bioenergy and Environmental Health and Safety 
Issues

Available studies on environmental and 
occupational health risks of energy 
generation have significant limitations 
and more precise nationwide data for 
renewable energy occupations are 
needed.

History suggests rate, scale, novelty, 
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History suggests rate, scale, novelty, 
and complexity from accelerated 
bioenergy development will result in 
unintended future consequences

Environmental and health dimensions 
of bioenergy are hidden costs and not 
routinely internalized thereby distorting 
true costs of these energy alternatives



Renewed Research Focus of North America 
Environmental Agencies Towards Biofuels 
(after Perla USEPA 2009)
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EC R + D Efforts at Creating Conditions for Accelerated 
Environmental Knowledge Acquisition on Biofuels / Bioenergy
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Optimizing the Environmental Performance of  Biofuel / Bioenergy 
Production Facilities in Canada (2009-2012)

• Build upon previous environment footprint work

• Sections of Report
• Section 1:    Executive Summary

• Section 2:    Introduction

• Section 3:    Site Selection Consideration

• Section 4:    Ethanol Production Process

• Section 5:    Air Emissions
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• Section 5:    Air Emissions

• Section 6:    Water Uses and Aquatic Environment

• Section 7:    Waste Management

• Section 8:    Health and Safety

• Section 9:    Economic and Social

• Section 10:  Life Cycle Stages

• Section 11:  Gaps, Issues and Path Forward

• Section 12:  References

• Appendix:    Summary of Assessment Criteria, Indicators



Air Emission Sources Air Emission Sources 
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Water Uses and DischargesWater Uses and Discharges
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Efforts to Improve Understanding of Water Dimensions of 
Bioenergy Under Representative Canadian Conditions

1. How much water and land might be required to grow different kinds of biomass in 
different regions across Canada? 

2. Where is water availability in Canada likely to be a limiting factor?

3. What are the possible, known, or likely water quality effects associated with 
increases in production and conversion of different kinds of biomass?

4. What promising agricultural and industrial practices and technologies might help 
reduce water use or minimize water pollution associated with biomass production?

5. What are the water requirements of existing and proposed production plants, and 
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5. What are the water requirements of existing and proposed production plants, and 
what water quality problems may be associated with them?

6. What policy, regulatory, and legal changes might help address some of these 
water use and water quality issues?



Use of Marginally Contaminated 
Lands for Biomass Production?

• USEPA has identified and mapped 
Brownfield sites amenable to biomass 
production in all 50 states and 
estimates a 150,000 ton biomass 
potential. Latin American and UK 
initiatives also under way. (See RE-
PAL and BioReGen

• Many sites currently served by utilities, 
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• Many sites currently served by utilities, 
transportation and water.

• Concerns over both current GHG 
emissions from remediation activities 
as well as potential for producing 
biomass on site to off-set emissions 
and capture inherent energy content.

• USDOE looking at “Fuels from 
Freeways (buffer zones and riparian 
corridors) 

• EC S + T now exploring implications for 
and potential in Canada with NRCan



Importance of Partnerships - IPCC Special Study on Renewable Energy 
(SSREN) for Copenhagen 2010  

• New global initiative launched to 
examine role and contributions of 
renewable energy to climate change, 
GHG reduction and amelioration, 
energy substitution, and environmental 
impacts

• Will provide an excellent source of 
baseline information to Canada and 
global renewable energy community in 
the conduct of performance 
measurement and determination of 
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measurement and determination of 
climate change compatibility with 
evolving renewable energy 
technologies

• EC / USDOE provides “lead” Canadian 
author to IPCC 190 country Scientific 
Study on Renewable Energy (SSREN)

• Study will examine CC, GHG 
implications, environmental impacts, 
and energy potential of all renewable 
energies by October 2010



A Template to Evaluate Potential Impacts of Producing 2nd Generation 
Biomass Feedstocks from Agricultural and Forestry Systems

First-generation biofuels are produced through the conversion of:

• Sugars, starches, vegetable oils and animal fats.

• Feedstocks include: cereal grains (wheat and corn), root crops (sugar beet), oilseeds (rapeseed, 
sunflower, palm oil, castor, jatropha) and sugarcane. These crops (excluding jatropha) are currently 
grown for food and feed in various regions of the world.

The potential environmental impacts will vary accordingly to local environmental conditions, former 
land use, and the nature, scale and intensity of operations.

1. Soils (e.g. erosion)
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1. Soils (e.g. erosion)

2. Hydrology and water quality (e.g. depletion of aquifers in irrigated areas)

3. Land use change and site productivity (e.g. direct land use through the clearing of  forests)

4. Biodiversity (e.g. decrease in landscape diversity)

5. Energy and greenhouse gas balances (e.g. amount of energy required to produce biofuels (land use 
change, agricultural inputs, transport, processing) exceeds the amount of energy provided by 
biofuels)

6. Global and supply-chain issues (e.g. unequal distribution of impacts worldwide (i.e. national policy 
variations)).

•



Additional Environmental Science “Pressure Points” and 
“Confounding” Factors from 1st Generation Biofuels

• Accelerated rate of biobased product and process 
development

• Scale, complexity, and novelty of bioprocesses

• “Diffuse” environmental responsibilities

• Multiple jurisdictions and different bioenergy pathways / 
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• Multiple jurisdictions and different bioenergy pathways / 
thresholds

• Absence of a “national” bioenergy strategy



Additional Environmental Science “Pressure Points” and 
“Confounding” Factors from 1st Generation Biofuels

• Initial bioenergy push was on production capacity / 

supply of product

• Absence of representative environmental baseline data 

from other “mature” biofuels jurisdictions

• Current environmental “assumptions” being made about 
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• Current environmental “assumptions” being made about 

renewable energy not readily justified

• “Conflicting” and “competing” bioenergy targets

• Evolution of new “confounding contextual factors” 

impeding an orderly progress towards increasing 

bioenergy trajectories and fuller scientific comprehension



Need to Look at Peak Phosphorous?

• Peak phosphorus ‘Hubbert’ curve, indicating that production will eventually reach a maximum, after 
which it will decline (based on Cordell, Drangert and White, 2009) 
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Peak Oil? 

• ‘We currently consume between 83 and 85 million barrels of oil each day”

• “We consume two barrels of oil for every barrel discovered”*.(However recent Venezuela 
discovery of 518 billion barrels expected to change this equation

• “It took 125 years to use the first trillion barrels**.we will use the next trillion barrels in just 30 
years”

• “In 20 years the world will consume 40% more oil than it does today”

Page 30 – September-21-10



Peak Water and Global Water Consumption?

Accelerated growth in water use
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Peak Soil and US Biofuels Industry 
Experience?

• Crop productivity continually 

declines as topsoil is lost and 

residues removed.

• On over half of US best crop land, 

erosion rate is currently 27 times 

the natural rate.

• Erosion rate happening at rate 10X 
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• Erosion rate happening at rate 10X 

to 20X faster than rate by which 

top soil can be formed by natural 

processes

• Corn and soybeans have higher 

than average erosion rates

• More than half of the best farmland 

in the US is currently rented



Ont. 5% ethanol 2007

Sask. 7.5% ethanol 2006

Man. 8.5% ethanol no date

Que. 5% ethanol 2012

Alt. not fixed yet

BC 7.5% biodiesel by 2010

PEI 30% renewable by 2020

??

?? ??
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Grains and Oil Seeds

Corn &

Soy

Cellulosic

Forest cellulose

Forest cellulose

No National Bioenergy Strategy but a

Federal and Multiple Provincial Strategies

??



Need for Canadian “Reference” Data Against Which to 
Measure Biofuels / Bioenergy + Environment
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Diminishing Metal / Mineral Resources?

Based on current consumption patterns, we will lose 20% of the periodic table by end of 2100 (UK BERR 2009). Anticipate new commodity “cartels 

(i.e. China / Argentina Toyota lithium?) China currently controls ~97% of rare earth elements mkt.
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Evolving,“Conflicting”and Competing Global Bioenergy Targets?

• “Best bet is to convert the 
biomass to electricity, rather 
than ethanol*  compared to 
ethanol used for internal 
combustion engines, 
bioelectricity used for battery-
powered vehicles would deliver 
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powered vehicles would deliver 
an average of 80% more miles 
of transportation per acre of 
crops, while also providing 
double the greenhouse gas 
offsets to mitigate climate 
change”. 

• Source - J. E. Campbell,D. B. Lobell, C. B. Field;
Greater Transportation Energy and GHG Offsets 
from Bioelectricity Than Ethanol; Science Vol. 
324. no. 5930, pp. 1055 - 1057



Life Sciences Data Gaps and Bioenergy Environmental Assessment 
Complexity? 

• Environmental Impact Assessment for policy and project 

level under CEAA 

• Sustainability assessment under new SD Regulations  

and alignment towards international SD activities

• Implications of biofuels for biodiversity under (CBD) 
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• Implications of biofuels for biodiversity under (CBD) 

Convention on Biodiversity +alignment  with international 

body. 

• “Toxicity” assessment of new products under CEPA

• Life Cycle Assessment and alignment with “equivalent” 

international mechanisms

• Performance / “clean” assessments under ETV program



Proposed “Candidate” Future Bioenergy and 
Biochemicals Research Agenda

• “Better” baseline environmental data and standardized approaches / 
criteria / matrices / frameworks  for the conduct of and differentiation 
between life-cycle assessments, environmental impact assessments, 
sustainability, toxicity, and environmental performance / “clean” 
determinants of bioenergy

• “Decoupling of GHG’s” and targeted assessment research on 
environmental implications (i.e. “non criteria” air contaminants, 
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environmental implications (i.e. “non criteria” air contaminants, 
landscape effects,biowastes, impacts on biodiversity, water quality 
and consumption, and biosafety.

• Research on infrastructure requirements,capacity and environmental 
consequences from changes necessary to accommodate large scale 
storage, transportation,  and distribution of bioproducts under 
“extreme” climate conditions

• Pro-active research on environmental implications for “non-ground 
transportation fuel applications (i.e marine and aviation uses)



Proposed “Candidate” Future Bioenergy and 
Biochemicals Research Agenda

• Mechanisms for improving environmental performance and 

conversion efficiencies for first generation bioenergy production 

facilities and comparable “base-line’ to assess 2nd and 3rd generation

• Mechanisms for determination of “cumulative” environmental impacts 

from aggregated siting of bioenergy / biorefinery facilities

• Spills data, emergency preparedness and contingency planning 
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• Spills data, emergency preparedness and contingency planning 

methodologies(sp. biodiesel in aquatic and marine environments

• Improved understanding of fate of co-products and development of 

alternative uses  (sp biochar, CO2, animal proteins, and glycerine)

• Investments in “best available environmental technologies” to help 

industry “optimize”  biofuel / bioenergy consumption, conversion, 

production, storage and distribution of product. 



Suggested R + D Activities Specific to Sustainable
Transition for 2nd Generation Biofuels and Beyond

• Large scale multi-acre field trials reflecting variability in geographical 
areas, feedstock production, biomass conversion and management 
practices.

• Potential environmental effects of major land use changes, biomass 
removal rates, and a focussed “agro / forestry/ MSW research to 
allow for more substantive analysis of representative environmental 
parameters
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parameters

• Need to optimize the efficiencies of feedstock conversion (less water 
and energy consumed, reduced waste stream emissions etc.)

• Need for characterization and quantification of EHS impacts 
anticipated across 2nd generation bioenergy life cycle stages

• Need for standardized approach to determination and interpretation 
of data from environmental “assessment end points” for 2nd

generation biofuels, bioproducts, and bioenergy



Suggested “ Long Term” Federal Government Bioenergy and 
Environmental Science R + D Priorities

• Improving basic plant and microbial science to increase sustainable 
biomass production rates.

• Identifying the environmental factors associated with expanded 
production of biofuels and bio-based products; e.g., applying more 
efficient agricultural, forestry and land management practices to 
supply higher yields per unit of input without degrading the 
environment.
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environment.

• Enhanced efforts at energy efficiency, energy conservation, and 
recycling (particularly plant nutrients)

• Developing new and improved biomass feedstocks with reduced 
nutrient, pesticide, and water requirements 

• Promoting new, lower-cost conversion technologies at production 
scale, including thermo-chemical and biochemical processes and 
development of more robust enzymes and catalysts.



Preparations for Beyond Petroleum- Oil 
“Addiction’ and the “Long Good-Bye”

• Dreams of “near-term” and large 
scale transformation from 
petroleum to bioenergy / 
biochemical  use in Canada still 
remain largely “illusory”

• Orderly transition towards BBE will 
take time, commitment, resources 
dedicated science and foresight
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dedicated science and foresight

• Will require broad consensus on 
need for protracted “phase-out 
process.

• Process predicted to last for 
decades, require sustained 
attention to details, continuous R + 
D support, engineering and 
systems design and new capital for 
infrastructure (See. Smil 2009)



Thank You! / Questions / Comments?

Terry McIntyre Ph.D. P. Ag.

Senior Science Advisor-Biofuels and Bioenergy

Science and Technology Branch

Environment Canada
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Environment Canada

11th Floor Fontaine Building

200 Sacre-Coeur Blvd.,

Gatineau, Quebec, CANADA

terry.mcintyre@ec.gc.ca



DISCLAIMER

The views expressed in this presentation are those 

solely of the author and do not represent 

Environment Canada.
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